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ABSTRACT: Sugar cane silages are characterized by extensive yeast activity, alcohol production and
great dry matter - DM - losses. Better knowledge of the fermentation process is fundamental to the
development of efficient ensilage techniques for this forage. This study evaluates temporal changes in
chemical composition, DM losses and epiphytic microflora in sugar cane silage. Mature sugar cane, variety
RB835486 (12 months of vegetative growth), was hand harvested, processed in a stationary chopper and
ensiled in 20-L plastic buckets provided with valves for gas release and a device for effluent collection.
Laboratory silos were kept at ambient temperature and sampled after ½, 1, 2, 3, 7, 15, 45, 90, 120 and 180
days. Ethanol concentration reached 6.4% in DM after 15 days of ensilage, followed by 71% water soluble
carbohydrates - WSCs - disappearance. Gas and total DM losses reached a plateau on day 45 (16% and
29% of DM, respectively). Yeast count was higher on the second day (5.05 log cfu  g-1). Silage pH declined
to below 4.0 on the third day. Effluent yield was negligible (20 kg t-1). DM content in the forage decreased
(35% to 26%) from day 0 to day 45. The increase in ethanol concentration showed an opposite trend to
WSCs and true in vitro dry matter digestibility reductions in the silage. Developing methods to control
yeasts, most probably through the use of additives, will enable more efficient production of sugar cane
silage by farmers.
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DINÂMICA DA FERMENTAÇÃO E DA MICROFLORA EPÍFITA
EM SILAGEM DE CANA-DE-AÇÚCAR
RESUMO: Silagens de cana-de-açúcar caracterizam-se pela extensa atividade de leveduras, alto teor
de álcool e grandes perdas de matéria seca - MS. Conhecer melhor o processo fermentativo é
fundamental para o desenvolvimento de técnicas eficientes de ensilagem da cana. Este trabalho avalia a
mudança temporal na composição química, nas perdas de MS e na microflora epífita nestas silagens.
Cana-de-açúcar (RB835486) foi colhida manualmente (12 meses de crescimento), picada em
picadora estacionária e ensilada em baldes de plástico de 20 L com válvulas para gases e aparato
para colheita de efluentes. Os silos laboratoriais foram mantidos sob temperatura ambiente e amostrados
após ½, 1, 2, 3, 7, 15, 45, 90, 120 e 180 dias. Etanol atingiu 6,4% na MS no 15o dia após ensilagem,
seguido pelo desaparecimento de 71% dos carboidratos solúveis - CHOs. As perdas gasosas e a perda
total de MS estabilizaram-se após 45 dias (16% e 29% da MS). A contagem de leveduras foi máxima
no segundo dia (5,05 log ufc g-1). O pH atingiu nível abaixo de 4,0 no terceiro dia. A produção de
efluentes foi insignificante (20,1 kg t-1). O teor de MS da forragem decresceu (35% para 26%) do dia 0
ao 45o dia. O padrão de variação na concentração de etanol foi inverso à concentração de CHOs e à
redução da digestibilidade da silagem. O desenvolvimento de métodos de controle das leveduras,
provavelmente com o uso de aditivos, melhorará a eficiência no uso de silagens de cana-de-açúcar pelos
pecuaristas.
Palavras-chave: etanol, carboidratos solúveis em água, efluentes, gases, leveduras
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INTRODUCTION
The use of sugar cane has at least two major ad-
vantages in comparison to feeding green forage to ani-
mals: avoids daily operations of harvesting, chopping
and hauling of the crop and prevents crop loss by fire
and frosts. In addition, field’s production life span in-
creases due to uniform harvesting and better post-har-
vesting management.
The major limitation of ensiling sugar cane is ex-
tensive ethanol production, which results in high dry mat-
ter - DM - loss and low quality forage. Ethanol is pro-
duced mainly through fermentation of sugars by yeasts
in a metabolic process which leads to proximately 49%
loss of substratum (McDonald et al., 1991). Yeasts are
also undesirable because they contribute to aerobic dete-
rioration of silages (Rotz & Muck, 1994).
Sugar cane forage can loose up to 90% of water
soluble carbohydrates - WSCs,, present 44% elevation in
acid detergent fiber - ADF - (Alli et al., 1982) and reach
15% ethanol in DM during ensiling (Kung Jr. & Stanley
(1982). Only a few research works done in Brazil con-
tributed for the characterization of the fermentative pro-
cess in sugar cane silages. High ethanol production, de-
crease in DM and increase in fiber content and pH rapid
decline to below 4,0 have been reported (Andrade et al.,
2001; Bernardes et al., 2002; Coan et al., 2002; Molina
et al., 2002). The objective of this study was to supply
broader information on the fermentation dynamics of
sugar cane silage, establishing the temporal variation for:
chemical components; true in vitro dry matter digestibil-
ity - IVDMD; DM losses, and epiphytic microflora popu-
lation.
MATERIAL AND METHODS
Silage was produced with sugar cane, variety
RB83-5486 approximately 12 months old (1st cut), picked
manually and chopped, in a stationary chopper adjusted
for theoretical cut length of 10 mm without cleaning dead
parts. Approximately 9 kg of chopped material was con-
ditioned into 20-L plastic buckets (minisilos), sealed with
tight lids containing Bunsen valves. Each minisilo was
provided with an apparatus for effluent quantification -
2 kg of dry sand separated from the silage by a thin plastic
screen and two layers of cheesecloth. Four replicates were
prepared for each date of sampling (10 dates), in a total
of 40 minisilos.
The minisilos were weighted and the silages were
sampled at ½, 1, 2, 3, 7, 15, 45, 90, 120 and 180 days
after ensilage. Gaseous DM loss was estimated by gross
weight loss. Effluent was estimated by weight gain of the
minisilos with sand, plastic screen and cheesecloth. To-
tal DM loss was calculated by DM weight loss in the si-
lage.
Samples for WSCs, pH and ethanol determina-
tions were kept frozen (-10°C) before analysis. Samples
for microorganisms counts (approximately 50 g) were
placed in plastic bags and kept in ice, before analysis on
the same day. Other samples were dried in air forced oven
(60°C, 48 h) and grounded in a Wiley mill through a 1
mm screen. Dry chemistry analysis for DM, ash, crude
protein - CP, neutral detergent fiber - NDF, ADF and lig-
nin was performed by Near Infrared Reflectance Spec-
troscopy - NIRS - (Berzaghi et al., 1997; Cozzolino et
al., 2001) in a spectrophotometer model NIRS 5000®
(NIRSystems, Silver Spring, MD, USA). The equipment’s
software identified samples distant more than 3 H (stan-
dardized distance of Mahalanobis) from the average,
which were excluded as outliers. Considering a minimum
distance of 0.6 H between samples (Shenk & Westerhaus,
1991), the software indicated the samples which had to
be analyzed by wet chemistry. Wet chemical analysis fol-
lowed AOAC (1990) recommendations. IVDMD was per-
formed in a ANKON® Fiber Analyzer (ANKON Technol-
ogy Corporation, Fairport, NY). WSCs and pH were de-
termined in aqueous extracts produced according to
method described by Kung Jr. (1996). WSCs were deter-
mined by the phenol sulfuric acid method (Dubois et al.,
1956). Ethanol was analyzed by gas chromatography
(Gregório and Cioli®; model CG-37D with column PAAD
2499-CG and electronic integrator CG 200).
Yeasts and lactic acid bacteria (LAB) were enu-
merated using the method described by Lin et al. (1992).
The group containing lactobacilli, pediococci and
leuconostocs was enumerated in Rogosa SL medium; strep-
tococci were enumerated in Slanetz and Bartley medium
(oxoid Ltd., Hampshire, England). The plates were incu-
bated at 35°C for two days. Yeasts were counted in Malt
agar (Difco), with addition of ampicilin (200 µg mL-1) and
tetraciclin (200 mg mL-1) to inhibit bacterial growth, af-
ter incubation at 25°C for two days.
Data were analyzed through a completely ran-
domized design. The experiment was set in 11 treatments
(Pj) with four replicates (minisilos). Treatments were
characterized by the opening periods: 0, ½, 1, 2, 3, 7, 15,
45, 90, 120, 180 days. Though there was a possibility for
a time trend analysis, silages were spoiled and damaged
at each sampling period which did not allow a repeated
measure procedure at the same experimental unit. The
proposed model (Yij = µ + Pij + eij) for each variable (etha-
nol, WSCs, gas losses, effluent, total DM loss, IVDMD,
DM, NDF, ADF, lignin, CP, ash, pH) was analyzed by the
PROC GLM of the SAS system (SAS, 1988). In the mul-
tiple comparisons of averages among treatments the
LSMEANS was used at α = 0.05. To study the associa-
tion among some variables (ethanol, WSCs, gas losses,
total DM loss, IVDMD, NDF), the coefficient of simple
correlation was determined by the PROC CORR of the
SAS system (SAS, 1988).
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RESULTS AND DISCUSSION
The fresh sugar cane presented high DM and
WSCs concentrations (Table 1) compared to 12 months
old sugar canes used in previous research in Brazil which
presented values around 27% DM and 18% WSCs
(Bernardes et al., 2002; Molina et al., 2002). Values as
high as 34% WSCs and 37% DM were reported by Alli
et al. (1983) for sugar cane harvested at 16.5 months.
Ethanol concentration in the silage (Table 1) lied
within levels ordinarily found in silages produced with
mature sugar cane (Bernardes et al., 2002; Alli et al.,
1983). Alcohol production was low during the first three
days of ensilage, increasing linearly from that point un-
til the 15th day, when the highest level was reached. From
the 15th to the 120th day, alcohol concentration remained
constant, suffering 50% reduction from this point to the
180th day, probably because of volatilization.
The temporal variation of WSCs showed an op-
posite trend in relation to the variation of ethanol con-
tent in the silage with disappearance of approximately
71% of sugars during the firs 15 days of ensilage (Table
1). This phase of intense ethanol production and WSCs
consumption was coincident with the period when oc-
curred 85% of gaseous and 86% of total DM losses and
was characterized by 21% reduction in the forage’s
IVDMD (Table 1).
Using values from Table 1, and assuming 51%
recovery of DM in the fermentation of sugars to ethanol
by yeasts (McDonald et al., 1991), its possible to calcu-
late that 56% of the WSCs disappeared during the first
15 days of ensilage would be consumed by yeasts to pro-
duce the amount of ethanol detected at the end of that
period, evidencing that other microorganisms were also
very active in the silage.
Total DM loss though was excessive in relation
to the amount of ethanol detected in the silage. Losses
expected from the metabolism of sugars by yeasts, to pro-
duce the amount of ethanol detected on day 15, could re-
spond to just 30% of the total DM lost in the period, even
considering that intense heterolactic fermentation could
result in up to 10% DM loss in the silage (McDonald et
al., 1991). Since very little DM was lost through efflu-
ent, it is possible that significant amounts of ethanol were
not recovered due to volatilization during sample process-
ing. In addition, the loss of volatile components during
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** (P < 0.01);  Means in the same line with different superscript differ (P < 0.05).
DM = dry matter; WSCs = water soluble carbohydrates; CP = crude protein;  NDF = neutral detergent fiber;  ADF = acid detergent fiber;
IVDMD = true in vitro DM digestibility; FF = fresh forage.
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determination of DM by oven drying, which can reach
up to 8.8% of correct DM (McDonald & Dewar, 1960 in
Porter & Barton, 1997), may have lead to underestima-
tion of DM contents of the silage and, consequently, to
overestimation of DM losses.
Gaseous losses responded for 54% of the total
DM losses, which occurred until the 45th day of ensilage
(Table 1). The remaining losses can have resulted mainly
from conversion of substrate to water during ethanol syn-
thesis by yeasts, although water may be produced also
during bacterial fermentation of sugars. This water gen-
erated by microbial metabolism caused 8.4 percent units
decrease in the DM content of the silage (Table 1), con-
tributing to effluent production.
Effluent production was small (Table 1) and com-
patible with the DM concentration in the silage (26% in
average), according to data by McDonald et al. (1991).
Although effluents were produced during the whole pe-
riod of ensilage, the rate of accumulation of effluents var-
ied, remaining practically constant in 0.14 kg t-1 day-1 dur-
ing the first 90 days, and reducing to 0.07 kg t-1 day-1 be-
tween the 90th and 180th days. Considering that there was
not an increase in total DM loss after the 45th day, de-
spite the continuous production of effluent, it can be con-
cluded that losses through effluents were very small dur-
ing the last 135 days of ensilage. Once average DM con-
centration in effluents is 5% (McDonald et al., 1991), it
can be estimated that effluents in this experiment prob-
ably carried 0.37 kg of DM t-1 of silage, until day 45, cor-
responding to just 0.12% of the DM originally present
in the forage.
Yeast population reached its peak on the second
day after ensiling (5.05 log10 of colony forming units per
gram of fresh forage - log cfu g-1) (Figure 1). After 15
days, yeast number decreased to 4.50 log cfu g-1, coin-
ciding with the point when ethanol concentration ceased
to increase (Table 1), that is, from that forth, although
yeasts were present, their metabolism was inhibited. From
the 45th to 120th day yeast population remained stable in
approximately 2 log cfu g-1. Number of yeast cell was be-
low detection in the fresh sugar cane and on the 180th day
after ensilage.
Data on epiphytic microflora in sugar cane si-
lage is scarce. Yeast count for the 45th and 90th days of
ensilage in this experiment, corresponding to 159.5 cfu
g-1, was higher than the 38.7 cfu g-1 reported by
Bernardes et al. (2002) in sugar cane ensiled during 55
days. The pattern of yeast development was similar to
the variation of fungi (yeasts and molds) population
reported by Alli et al. (1983). Those researchers detected
fungi count of 6.15 log cfu g-1 in the fresh sugar
cane, increasing to approximately 7 log cfu g-1 after
the first day, decreasing constantly from this point to 3.3
log cfu g-1 on the 21st day of ensilage. In this case, etha-
nol accumulation in the silage ceased after the 7th day,
when fungi population reached approximately 5.1
log cfu g-1.
LAB population developed in a similar way (Fig-
ure 1). Initial LAB count of 4.58 log cfu g-1 increased to
7.47 log cfu g-1 on the third day, coinciding with the pe-
riod of intense acidification of the silage (Table 1). On
the third day, pH was low enough (3.9) to inhibit the de-
velopment of most bacteria ordinarily present in silages
(Rotz & Muck, 1994) and, therefore, LAB number be-
gan to decrease accentuated and constantly until day 45,
reaching 3.60 log cfu g-1. From that on, LAB population
remained practically stable, resulting in small reductions
in the pH until the end of the evaluation period. A simi-
lar curve was obtained for lactobacilli by Alli et al.
(1983), who detected an initial population of 6.2 log cfu
g-1 in the fresh sugar cane, increasing to 8.3 log cfu g-1
after the first day of ensilage and decreasing constantly
afterwards.
Intense alcoholic fermentation will cause slow de-
cline in pH and final pH above levels considered adequate
to silage conservation. In an extensive study, Driehuis &
Wikselaar (2000) observed that grass silages containing
4.8% to 6.3% ethanol in DM, with the alcohol molar pro-
portion higher than 0.5 of the total of fermentation prod-
ucts, presented final pH higher than 5.3. Sugar cane si-
lages behave differently though, and despite their high
levels of ethanol, these silages normally present rapid de-
cline in pH and final pH around 3.5 (Kung Jr. & Stanley,
1982; Bernardes et al., 2002). It is considered that the low
buffering capacity of sugar cane results in a rapid drop
in pH even with relatively small amounts of acids in the
silage (Alli et al., 1983).
Probably, stabilization in sugar cane silages re-
sults from their high ethanol content and not from inhi-
bition of fermentation by low pH or lack of substratum,
Figure 1 - Temporal evolution of yeast and LAB1 populations2 in
sugar cane silage.
1LAB = lactic acid bacteria (lactobacilli, pediococci,
leuconostocs and streptococci); 2 expressed as the log10
of the number of colony forming units per gram of fresh
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since yeasts develop well in pH as low as 3,5
(McDonald et al., 1991) and fermentable WSCs are or-
dinarily not exhausted in these silages. However, high
ethanol concentrations can inhibit yeast growth
(Gutierrez et al, 1991). Driehuis & Wikselaar (2000) re-
ported that ethanol concentrations between 1.4 and 5.2%
in the liquid phase of grass silages were high enough
to affect microbial development, contributing to pres-
ervation of the silages. In this experiment, ethanol
reached 2.3% in the liquid phase of the silage (45th day)
coincidentally with the cessation of DM losses (Table
1), indicating that yeast activity was inhibited by the al-
cohol, and the silage, stabilized.
During the period of intense alcohol production,
first 15 days, there was approximately 10 percent units
increase in NDF and ADF, leading to 13 percent units re-
duction in the digestibility of the silage during the same
period (Table 1). NDF and ADF, as well as lignin, ash
and CP became more concentrated in the silage’s DM due
to the extensive loss of soluble nutrients in the form of
gases, conversion to water and, in a much smaller scale,
through effluents, as discussed. However, there was a nu-
meric reduction in the concentration of CP during the first
two days of ensilage, probably because of the loss of ni-
trogen via ammonia in the period in which the pH was
not sufficiently low to inhibit proteolysis by enzymes of
the forage, enterobacteria and clostridia.
 Ethanol concentration was inversely related to
WSCs and IVDMD and directly related to DM losses and
NDF content in the silage. Gaseous and total DM losses
presented direct relationship with NDF content and were
inversely related to WSCs concentration and IVDMD.
Effluent production was direct related to other parameters
indicative of losses and inversely related to WSCs con-
centration and IVDMD (Table 2).
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